Searching PAJ 



1/2 ^— v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 08-1 80360 

(43)Date of publication of application : 12.07.1996 



(51)Int.CI. 



G11B 5/66 



(21) Application number : 06-317951 

(22) Date of filing : 21 .1 2.1 994 



(71) Applicant 

(72) Inventor : 



HITACHI LTD 

NAKAMURA ATSUSHI 
FUTAMOTO MASAAKI 
HIRAYAMA YOSHIYUKI 
TAKAYAMA TAKANOBU 



(54) PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC RECORDER 

(57)Abstract: 

PURPOSE: To provide a medium excellent in crystal 
orienting property and having high perpendicular 
magnetic anisotropy by forming an under film with a Co- 
Ru alloy. 

CONSTITUTION: A Co-Ru alloy forms a solid soln. over 
the entire compsn. range at ordinary temp, and the 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vertical-magnetic-recording medium characterized by said substrate film 
consisting of an alloy of Co and Ru in the vertical-magnetic-recording medium which consists of 
a nonmagnetic substrate, the substrate film formed on said nonmagnetic substrate, perpendicular 
magnetic anisotropy films which consist of an alloy which uses as a principal component Co 
formed on said substrate film, and a protective coat formed on said perpendicular magnetic 
anisotropy films. 

[Claim 2] A nonmagnetic substrate, the first substrate film formed on said nonmagnetic 
substrate, and the second substrate film formed on said first substrate film, In the vertical- 
magnetic-recording medium which consists of perpendicular magnetic anisotropy films of the 
alloy which uses as a principal component Co formed on said second substrate film, and a 
protective coat formed on said perpendicular magnetic anisotropy films The vertical-magnetic- 
recording medium characterized by for said first substrate film consisting of either Ti or Ru, and 
said second substrate film consisting of an alloy of Co and Ru. 

[Claim 3] A vertical-magnetic-recording medium with Ru concentration of the layer which said 
substrate film which consists of an alloy of Co and Ru consists of film of a bilayer with which the 
concentration of Ru differs in claim 2, and is located directly under said perpendicular magnetic 
anisotropy films lower than Ru concentration of the layer located directly under it. 
[Claim 4] The vertical-magnetic-recording medium by which the concentration of Ru is falling 
continuously toward said perpendicular-magnetic-anisotropy-films side in the substrate film 
which consists of said alloy of Co and Ru in a vertical-magnetic-recording medium according to 
claim 2 from the side near said nonmagnetic substrate. 

[Claim 5] the substrate film which becomes either of claims 1-4 from said alloy of Co and Ru in 
the vertical-magnetic-recording medium of a publication — setting — the concentration of Ru - 
- 40at% — the vertical-magnetic-recording medium which is more than Ru. 
[Claim 6] The vertical-magnetic-recording medium priority orientation bearing of each of said 
substrate film and whose priority orientation bearing of said perpendicular magnetic anisotropy 
films are both [0001] in claims 1, 2, 3, or 4. 

[Claim 7] The vertical-magnetic-recording medium which prepared detailed boom hoisting in the 
front face of said nonmagnetic substrate in claims 1, 2, 3, or 4. 

[Claim 8] The magnetic recording medium which has a control means for controlling the 
migration means for moving the relative position of the magnetic head for recording information 
and reproducing, said magnetic head, and said vertical-magnetic-recording medium to the holder 
for holding a vertical-magnetic-recording medium according to claim 1, 2, 3, 4, 5, 6, or 7 and said 
vertical-magnetic-recording medium, and said vertical-magnetic-recording medium, and these 
each part. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic recording medium using a vertical- 
magnetic-recording medium and it equipped with the magnetic film suitable for high density 
magnetic recording. 
[0002] 

[Description of the Prior Art] Against the background of development of an information society, 
a lot of information is accumulated and the demand to the magnetic recording medium which can 
be outputted and inputted at a high speed is increasing increasingly. In order to record more 
information on a compact, instead of the magnetic-recording method within a field used from the 
former, vertical magnetic recording has attracted attention as a new recording method which can 
improve recording density further. 

[0003] A vertical magnetic recording is the recording method which makes a record unit the 
magnetization perpendicularly formed to the front face of a record medium, and since the effect 
of the anti-field in a flux reversal part becomes small, it is thought that it is suitable for high 
density record. This is IEEE. Transactions ON It is described by MAGUNE tex (IEEE 
Transactions on Magnetics) and the MAG-13 (1977) 1272 page paper. The record medium used 
for this vertical magnetic recording needs to have an easy axis in the direction perpendicular to 
a medium front face, and needs to have a big magnetic anisotropy. For this reason, researches 
and developments of the thin film medium in which perpendicular magnetic anisotropy films were 
formed on the substrate have been done. 

[0004] Using large Co alloy of a magnetic anisotropy for the record film of a vertical-magnetic- 
recording medium has been examined from the former. Co alloys, such as a CoCr alloy, have 
hexagonal-closest-packing structure, and the uniaxial magnetic anisotropy which uses the c-axis 
as an easy axis is shown. If the thin film of Co alloy is formed in the front face of amorphous 
substrates, such as glass, the polycrystal thin film which the field which is the atomic maximum 
dense side (0001) [0001]-orientation-made it easy to become parallel to a substrate side will be 
obtained. Although this film showed the perpendicular magnetic anisotropy, in order to have used 
as a vertical-magnetic-recording medium, it needed to give a still bigger magnetic anisotropy. 
[0005] Then, the substrate film was prepared on the substrate and the attempt which raises the 
c-axis stacking tendency of Co alloy magnetic film has been made. Since it is easy to carry out 
[0001] orientation of the thin film with hexagonal-closest-packing structures, such as Ti, it is 
reported that the stacking tendency of Co alloy magnetic film is improvable using this as 
substrate film. The vertical-magnetic-recording medium using Ti substrate film is described by 
IEEE Transactions on Magnetics and MAG-19 (1983) 1644 page at the paper of a publication. 
[0006] However, the magnitude of distribution of the c-axis of Co alloy magnetic film formed on 
such Ti substrate film was not able to say that it was sufficiently small, either. It is thought that 
it is to confuse a stacking tendency at the time of initial growth of Co alloy since this cause has 
the difference of the lattice constant of Ti and Co alloy as large as 15%. Then, development of 
the new substrate film for raising further the c-axis stacking tendency of Co alloy magnetic film 
was desired. 
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[0007] 

[Problem(s) to be Solved by the Invention] Compared with Co alloy film formed on the 
conventional substrate film, the purpose of this invention is further excellent in a crystal 
stacking tendency, and is to offer [ offering a vertical-magnetic-recording medium with a big 
perpendicular magnetic anisotropy, and ] the magnetic recording medium using it. 
[0008] 

[Means for Solving the Problem] As shown in dra win g 1 , the vertical-magnetic-recording 
medium of this invention is a vertical-magnetic-recording medium which consists of the 
nonmagnetic substrate 11, the substrate film 12 formed on the substrate, perpendicular magnetic 
anisotropy films 13 of the alloy which uses as a principal component Co formed on the substrate 
film, and a protective coat 14 formed on perpendicular magnetic anisotropy films, and is 
characterized by the ingredient of the substrate film being the alloy of Co and Ru. 
[0009] As the second description of the vertical-magnetic-recording medium of this invention is 
shown in drawing 2 , the nonmagnetic substrate 21, The first substrate film 22 formed on the 
substrate, and the second substrate film 23 formed on the first substrate film, It is the vertical- 
magnetic-recording medium which consists of perpendicular magnetic anisotropy films 24 of the 
alloy which uses as a principal component Co formed on the second substrate film, and a 
protective coat 25 formed on perpendicular magnetic anisotropy films, and is in the first 
substrate film consisting of either Ti or Ru, and the second substrate film consisting of an alloy 
of Co and Ru. 

[0010] By the vertical-magnetic-recording medium of the configuration of the second of this 
invention (1) Ru concentration of the layer which the substrate film which consists of an alloy of 
Co and Ru consists of film of a bilayer with which the concentration of Ru differs, and is located 
directly under perpendicular magnetic anisotropy films is smaller than Ru concentration of the 
layer located directly under this layer, (2) It is good also as a configuration in which it is satisfied 
with the substrate film which consists of an alloy of Co and Ru whether they are that the 
concentration of Ru is falling continuously toward a perpendicular-magnetic-anisotropy-films 
side from the side near a substrate, and 

[001 1] the substrate film which consists of an alloy of Co and Ru by the vertical-magnetic- 
recording medium of the second configuration for a start [ of this invention ] — the 
concentration of Ru — 40at(s)% — the description is in being more than Ru. 
[0012] Moreover, by the vertical-magnetic-recording medium of the second configuration, the 
description is for a start [ of this invention ] for perpendicular magnetic anisotropy films 13 and 
24 and the substrate film 12, 22, and 23 to carry out [0001] preferred-orientation orientation for 
all. 

[0013] It is still better for a start [ of this invention ] also as a configuration which established 
boom hoisting detailed on the front face of substrates 1 1 and 21 by the vertical-magnetic- 
recording medium of the second configuration. 

[0014] The magnetic recording medium of this invention consists of control means for controlling 
the migration means for moving the relative position of the magnetic head for recording 
information and reproducing, the magnetic head, and a vertical-magnetic-recording medium to 
the holder for holding the vertical-magnetic-recording medium by the second configuration, and 
a vertical-magnetic-recording medium for a start which was explained above, and a vertical- 
magnetic-recording medium, and these each part. 
[0015] 

[Function] It is known that the CoRu alloy used for the above-mentioned configuration will build 
the solid solution with ordinary temperature over all presentation range. The crystal structure is 
hexagonal-closest-packing structure as well as Co and Ru. If the thin film of this alloy is formed 
on a substrate with an amorphous front face like aluminum alloy substrate which coated a glass 
substrate and NiP, a field (0001) will become parallel to a substrate and it will be easy to carry 
out perpendicular orientation of the c-axis. For this reason, it can use as substrate film for 
raising the c-axis perpendicular stacking tendency of Co alloy magnetic film used as record film 
of a vertical-magnetic-recording medium. Since Curie temperature becomes [ the concentration 
of Ru ] 0 degree C or less in the presentation region beyond 40at%, this alloy stops showing 
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ferromagnetism. the case where it uses as nonmagnetic substrate film — the concentration of 
Ru — 40at(s)% — using in the range more than Ru is appropriate. 
[0016] The lattice constant of a CoRu alloy changes continuously in proportion to the 
presentation of an alloy. The lattice constants of the a-axis of Co and Ru are 0.251 nm and 
0.270nm, respectively. The lattice constant of Co-40at%Ru is 0.259 nm. Therefore, if the alloy of 
Co-40at%Ru is used for the substrate film, the difference of a lattice constant with Co alloy 
magnetic film (the lattice constant of an a-axis is about 0.25nm) will become small with -3% on 
the basis of a CoRu alloy. Therefore, if this alloy is used as substrate film, turbulence of the 
orientation at the time of initial growth of Co alloy can be prevented, and the high perpendicular 
magnetic anisotropy films of a c-axis perpendicular stacking tendency can be produced. 
[0017] Although it is easy to carry out c-axis perpendicular orientation of Ru and Ti, when using 
Ru for the substrate film and using Ti -7%, the difference of the lattice constant of an a-axis 
with Co alloy magnetic film becomes -15%, is compared with the case of a CoRu alloy, and is 
large. [ of a gap ] Then, after forming the substrate film of Ti or Ru, by forming the CoRu alloy 
substrate film in the front face, a lattice constant difference can be eased and the substrate film 
with the lattice constant near the lattice constant of Co alloy can be produced. 
[0018] Furthermore, a lattice constant difference can be effectively eased by considering the 
CoRu alloy substrate film as the configuration which consists of film of a bilayer with which Ru 
concentration differs, forming a layer with high Ru concentration on the substrate film of Ti or 
Ru, and forming a layer with low Ru concentration in the front face. Moreover, a lattice constant 
difference can be eased also by reducing Ru concentration of the CoRu alloy substrate film 
continuously toward a perpendicular-magnetic-anisotropy-films side from the side near a 
substrate. 

[0019] Thus, by using a CoRu alloy with the lattice constant near the lattice constant of the a- 

axis of Co alloy magnetic film for the substrate film, the c-axis perpendicular stacking tendency 

of Co alloy magnetic film is raised, and the vertical-magnetic-recording medium which fitted high 

density record conventionally can be offered. 

[0020] 

[Example] 

<Example 1> diameter 2.5 The magnetic-recording medium with cross-section structure as 
shown in drawing 3 R> 3 was produced by the DC magnetron sputtering method using the glass 
substrate of an inch. The CoRu alloy substrate film 32, 32', Co alloy magnetic film 33, 33', the 
carbon protective coat 34, and 34' are formed in both sides of a substrate 31 in this sequence. 
[0021] It formed in membrane formation using argon gas on conditions with pressure 0.7 Pa of 
gas, a substrate temperature [ of 260 degrees C ], and a membrane formation rate of 50nm/m. 
The presentation of the target which uses for formation of Co-40at%Ru and a magnetic film the 
presentation of the target used for formation of the substrate film was set to Co-1 5at%Cr-5at% 
Ta. The die length of the a-axis of Co alloy magnetic film of this presentation was 0.251 nm. 
100nm and a carbon protective coat set [ the CoRu alloy substrate film / 50nm and Co alloy 
magnetic film ] thickness of each film to 10nm. All the above-mentioned film formation was 
performed continuously, without breaking a vacuum within the same vacuum tub. 
[0022] According to the X diffraction, magnetic properties were measured for the crystal 
orientation of the produced sample using the sample oscillatory type magnetometer (VSM), 
respectively. In the X diffraction, it turned out that the 0002 diffraction peak of the CoRu alloy 
substrate film and Co alloy magnetic film is observed, and this film is carrying out [0001] 
orientation. When the locking curve of the X-ray 0002 diffraction peak of Co alloy magnetic film 
was measured, as compared with the magnetic-recording medium completely produced on the 
same conditions, without using the substrate film for the magnetic-recording medium of this 
example, the half-value width of a locking curve was decreasing and the [0001] orientation of Co 
alloy magnetic film is improved. Improvement of the coercive force of a film surface 
perpendicular direction was carried out 38% (420Oe). 

[0023] The improvement effect was accepted also when a Co-50at%Ru alloy and a Co-75at%Ru 
alloy were furthermore used for the substrate film. These results are shown in Table 1. 
[0024] 
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[Table 1] 
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[0025] <Example 2> Diameter 1.8 The magnetic-recording medium with cross-section structure 
as shown in drawin g 4 was produced by the DC magnetron sputtering method using aluminum 
alloy substrate which coated NiP of an inch. The first substrate film 42 which consists of Ru, 42', 
the second substrate film 43 which consists of a CoRu alloy, 43\ Co alloy magnetic film 44, 44', 
the carbon protective coat 45, and 45' are formed in both sides of a substrate 41 in this 
sequence. 

[0026] It formed in membrane formation using argon gas on conditions with pressure 0.7 Pa of 
gas, a substrate temperature [ of 260 degrees C ], and a membrane formation rate of 50nm/m. 
The presentation of the target which uses for formation of Co-40at%Ru and a magnetic film the 
presentation of the target used for formation of the CoRu alloy substrate film was set to Co- 
12at%Cr-10at%Pt. The die length of the a-axis of Co alloy magnetic film of this presentation was 
0.255 nm. 1 0Onm and a carbon protective coat set [ Ru substrate film / 30nm and the CoRu 
alloy substrate film / 50nm and Co alloy magnetic film ] thickness of each film to 10nm. All the 
above-mentioned film formation was performed continuously, without breaking a vacuum within 
the same vacuum tub. 

[0027] According to the X diffraction, magnetic properties were measured for the crystal 
orientation of the produced sample using the sample oscillatory type magnetometer (VSM), 
respectively. In the X diffraction, it turned out that the 0002 diffraction peak of Ru substrate 
film, the CoRu alloy substrate film, and Co alloy magnetic film is observed, and this film is 
carrying out [0001] orientation. When the locking curve of the X-ray 0002 diffraction peak of Co 
alloy magnetic film was measured, as compared with the magnetic-recording medium completely 
produced on the same conditions, without using the CoRu alloy substrate film for the magnetic- 
recording medium of this example, the half-value width of a locking curve was decreasing and 
the [0001] orientation of Co alloy magnetic film is improved. Improvement of the coercive force 
of a film surface perpendicular direction was carried out 13% (190Oe). 
[0028] The improvement effect was accepted, also when it furthermore replaced with Ru 
substrate film and Ti substrate film was used. These results are shown in Table 2. 
[0029] 
[Table 2] 
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[0030] The magnetic recording medium by vertical magnetic recording as typically shown in 
drawin g 5 R> 5 was produced using such a vertical-magnetic-recording medium. The vertical- 
magnetic-recording medium 51 is held by the holder which rotates by the motor, and the 
magnetic head 52 for informational writing and read-out is arranged corresponding to each 
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magnetic film of each. The location to the magnetic-recording medium 51 of this magnetic head 
52 is moved with an actuator 53 and a voice coil motor 54. In order to control these furthermore, 
the record regenerative circuit 55, the positioning circuit 56, and the interface control circuit 57 
are formed. The vertical-magnetic-recording medium using the CoRu substrate film confirmed 
that high density record was possible. 

[0031] <Example 3> Diameter 1.8 The magnetic-recording medium with cross-section structure 
as shown in drawi ng 4 was produced by the ion beam sputtering method using the glass 
substrate of an inch. The first substrate film 42 which consists of Ru, 42', the second substrate 
film 43 which consists of a CoRu alloy, 43', Co alloy magnetic film 44, 44', the carbon protective 
coat 45, and 45' are formed in both sides of a substrate 41 in this sequence. 
[0032] It formed in membrane formation using argon gas on conditions with a substrate 
temperature [ of 260 degrees C ], and a membrane formation rate of 50nm/m. Sputtering of Co 
target and the Ru target was independently carried out to formation of the CoRu alloy substrate 
film using two ion guns, and membranes were formed to coincidence. By controlling the 
membrane formation rate of Ru, the concentration of Ru in the film was continuously changed in 
the direction of thickness. The presentation of the target used for formation of a magnetic film 
was set to Co-12at%Cr-10at%Pt. The die length of the a-axis of Co alloy magnetic film of this 
presentation was 0.255nm. 100nm and a carbon protective coat set [ Ru substrate film / 30nm 
and the CoRu alloy substrate film / 50nm and Co alloy magnetic film ] thickness of each film to 
10nm. All the above-mentioned film formation was performed continuously, without breaking a 
vacuum within the same vacuum tub. 

[0033] Magnetic properties were measured for change of the presentation of the crystal 
orientation of the produced sample of the direction of thickness by the X diffraction with Auger 
electron spectroscopy using the sample oscillatory type magnetometer (VSM), respectively. In 
the X diffraction, it turned out that the 0002 diffraction peak of Ru substrate film, the CoRu alloy 
substrate film, and Co alloy magnetic film is observed, and this film is carrying out [0001] 
orientation. When the locking curve of the X-ray 0002 diffraction peak of Co alloy magnetic film 
was measured, as compared with the magnetic-recording medium completely produced on the 
same conditions, without using the CoRu alloy substrate film for the magnetic-recording medium 
of this example, the half-value width of a locking curve was decreasing 35%, and the [0001] 
orientation of Co alloy magnetic film is improved. Ru concentration was decreasing gently- 
sloping toward the film front face, and presentation distribution of the direction of thickness of 
the CoRu alloy substrate film was Co-46at%Ru near the interface with Co~72at%Ru and Co alloy 
magnetic film near the interface with Ru substrate film. 

[0034] When the die length of the a-axis of the CoRu alloy of this presentation is estimated, it is 
0.260nm near an interface with 0.265nm and Co alloy magnetic film near an interface with Ru 
substrate film. The amount of misfit of a grid estimated from this value is -1.8% in the interface 
of the CoRu alloy substrate film and Co alloy magnetic film -4.0% at the interface of Ru 
substrate film and the CoRu alloy substrate film. Improvement also of the coercive force of a 
film surface perpendicular direction was carried out 21% (310Oe). 

[0035] <Example 4> Diameter 1.8 The magnetic-recording medium with cross-section structure 
as shown in drawing 6 was produced by the DC magnetron sputtering method using the glass 
substrate of an inch. Ti substrate film 62, 62', the Co-70at%Ru alloy substrate film 63, 63', the 
Co-40at%Ru alloy substrate film 64, 64', Co alloy magnetic film 65, 65', the carbon protective 
coat 66, and 66 f are formed in both sides of a substrate 61 in this sequence. In advance of 
membrane formation, sputtering of the front face of a substrate was carried out with argon ion, 
and detailed boom hoisting with an average depth of about 2nm was formed. It formed in 
membrane formation using argon gas on conditions with a substrate temperature [ of 250 
degrees C ], and a membrane formation rate of 50nm/m. 

[0036] The presentation of the target used for formation of a magnetic film was set to Co-15at% 
Cr-5at%Ta. The die length of the a-axis of Co alloy magnetic film of this presentation was 0.251 
nm. the thickness of each film — 30nm and the Co-70at%Ru alloy substrate film were [ 100nm 
and a carbon protective coat ] to 25nm, and 25nm and Co alloy magnetic film could be [ Ti 
substrate film / the Co-40at%Ru alloy substrate film ] 10nm. All the above-mentioned film 
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formation was performed continuously, without breaking a vacuum within the same vacuum tub. 
[0037] By the X diffraction, magnetic properties were measured for the crystal orientation of the 
produced sample using the sample oscillatory type magnetometer (VSM), respectively. In the X 
diffraction, it turned out that the 0002 diffraction peak of Ti substrate film, the CoRu alloy 
substrate film, and Co alloy magnetic film is observed, and this film is carrying out [0001] 
orientation. 

[0038] When the locking curve of the X-ray 0002 diffraction peak of Co alloy magnetic film was 
measured, as compared with the magnetic-recording medium completely produced on the same 
conditions, without using the CoRu alloy substrate film for the magnetic-recording medium of 
this example, the half-value width of a locking curve was decreasing 27%, and the [0001] 
orientation of Co alloy magnetic film is improved. The amount of misfit of the grid in this case is 
the interface of -10%, the Co~70at%Ru alloy substrate film, and the Co-40at%Ru alloy substrate 
film at the interface of Ti substrate film and the Co-70at%Ru alloy substrate film. - It is the 
interface of 2.2 %, and the Co-40at%Ru alloy substrate film and Co alloy magnetic film. - It is 2.9 
%. As compared with the magnetic-recording medium completely produced on the same 
conditions, without using the CoRu alloy substrate film, improvement also of the coercive force 
of a film surface perpendicular direction was carried out 8% (130Oe). 

[0039] The magnetic recording medium by vertical magnetic recording as typically shown in 
drawin g 5 was produced using this vertical-magnetic-recording medium. Stable record playback 
was able to be performed by the effectiveness of detailed boom hoisting of a substrate front 
face, without the magnetic head fixing on a medium front face. 
[0040] 

[Effect of the Invention] Like this invention, by using a CoRu alloy for the substrate film, the c- 
axis perpendicular stacking tendency of Co alloy magnetic film can be raised, and the vertical- 
magnetic-recording medium of high performance which fitted high density record conventionally 
can be offered. 



[Translation done.] 
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ttMlC&l^T, R uCDitfitfs 4 0a t %R uttlt'fe 

[li*3S6] lisR^ 1 , 2, 3$fc{i4iC*5>/^T, fjfe 

yjm\ tt>ic [ooon T'&zmmmmmmfao 

[W^7] M&m 1 . 2, 3 Sfc(±4 tCt3(,->T, BiJIB 
Csi*S8] Wjtcfll, 2, 3, 4, 5, 6$/cfi7t 

mmcoumrsmam 

[0001] 
[0 0 0 2] 



[0 0 0 3] MilK^tBSifi, fBgS«{*toaffi{C^LT 
Sifi^riSifc:JKfi8L/fc«fb*ffi«#flc4:-r«83»^T, 

«fkseau»-es«S!i©B»*vjxs<«:*fc44>. ia?^s 

10 — h^>+f^~>3 >X jr> T^f-f^X (IEEE 
Transactions on Magnetics) , MAG - 1 3 (1977) 1 
2 7 2HOSwS:»i:fBj$*nTi/->So ctDSiiaSMlBSIti: 

m>*!5»«t(*8\ jStf*«ffifc:Sifi!a:^rifiifc:«fksa«i 
[0004] mmmmmmfocommmicii. m^mx 

T#fco C o C r^lOC o^t±, A^mTcWIi 

m?v>mffimmT*3r>%(o ooni 

ft , ISIt¥fft40 J f't<, [00 01] mfaLfc%> 
[0 0 0 5] fCT% StS±tcTft!lM^SttT. Co& 

t i m<ottmm?Emm&%ft-ommii. to o o 

so 1] iBlRjb^-rv^fc*, cn*Titi^i:LTfflt/\ Co 
IEEE Transactions on Magnetics, MAG— 1 9(1 9 

8 3) l 6 4 4HtcfBS^ifc£lc§BKB£nT</>.5o 
[0 0 0 6] £C?>1)\ C<D«k5%T i Ttf&fliLhlCflM 

l/^fi^x.&frofco C<DJIH«;, T i i:co-a-^cots 
[0 0 0 7] 

[0 0 0 8] 

so mt. muc7rst&5ic, imvtmmi it, m&±ic 
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oT, T»ttfitf C o fc R uO^T'SSl i:««f 

[ooo9] *aw«Siiafl[fB»«Ef*oa-(o«fa 

tt. [^2tc^r<*:?^ #MKtt££2 l fc. ®K±fcJB 
hfc*-OT«S«l2 3£. m-(DTt&m±lc&f&Ztitc 

co*±f&ft£?%<e?&<Dmmmttm2 4t, mmmit 10 

Sr<0TiStf C o k R u 0^645 C 

[0010] imw<Dmr.<omj£<DmmmmmmfoT* 

tt, (l) CokRu0^f,4^T«I^ RuO 
«tf[oa*«ZJI(DM*>6a:t), fiiB«ft)KOittTU:ffi 
M*rsJt<DRuiffigtf. cto/i^ifiTfc:{iM*rs/i<7)R 
uII<t!)M^^ck, (2) CokRuOd4*6 

[00 l i] Sr^M^iBIMBi 

c o^r u<D^&fr£>%LZ>Tmm&. ru<d 

[0 0 l 2] *fc*SBH©»— , »z:oWAOSiKtt!K 
E»»*Tti, MiS«fkM i3M2 4t Ti&m l 
2, 2 2. Rtf2 3^^"fnt> [0 0 0 l] ffi$fc#ffi|E 

[00 i 3] *—<&«iaofiiaa 30 

aiB»«f*-e«. sii iatf2 1 (Dmmcmm&m&i 

[00 1 4] *mmmmmmwte. jjETRBtft 
£ns Q 

[0 0 15] 40 
Cffffl] ±BB<0*j«fc:fl!^3 C o R u^&«\ HMB-e± 
UEfiRKH \c t> tc o T Srgft^o < £ c t ffto Z tiT ^ 
S G *SS«igti CoMRufc^i;< 7^««*c»*lii 
T&S D *7XSfi^N i P^rn— f-f^lftA 1^ 

anii***"r* fc, (0001) B^s*tc¥fTJcft 
0, ctttfSEKiRjL^-ri^o ccorc&b, smmmm 

So R u<D«ft#4 0 a t %JK±oaj««Tf±, 4^ »J so 



jgtf 4 0 a t %R uLZ±<DmfflT*m^&V>f? i MWT*$> 

So 

[0 0 16] C o R uft4©tt?jaWi» ^&<Z>ffl/Sfc 
J*0JLT»KWlc^{fc^3o CoRtfRuOai^ffif 
^.mttti^ no . 2 5 1 n m, 0.270n mf85 0 
Co-40a t%Ru OtS^^iSii 0.2 5 9 n mt* 
So L/c^ot, Co-4 0a t%Ru^MT* 
fcffi^tltf. Co64ittI (aWKOtt^Sft^JBO. 
2 5 nm)i:0«f£a©ili, C o Ru^Mi^C 

*i»itu cfft^itiB^ii^^^a:^t:^^f / FK*rs 

C^^T^So 

[0 0 17] Ru&tfTiti, cfflSMSBfolL^'ri/^ 

Ttt»CflI^S»frH\ -7%, T i *JB^S»&t4. 
- 1 5 CoRu ^<7)»&tc Jt^Tl/^n fe 

tOSIlcc o R u^TttBSMf Scfct,): 

[0 0 1 8] ££>tC N CoRu^T*!*, RuM 
Og&Sz:/B^§ifr£;&S«/££U Ti$SHiRu 
OT«fiM±k:Ruai«<0ifti^Jl*}g«u, ^ogiiatcR 

u iijgcofgi/^^^-r s c ^ r\ mmmcmttmm 

T\ S^WtcffiT^^SC^tc^oTt. tt^SRS* 

[0 0 19] CCD£?tc N Co^ttttMOaNlO«7 
^Sfe:i£v^S*^C o R u^6*, "RUMtcffl 

[0 0 2 0] 

^hDyx^7^u>^aotffiL/co a«3 

1 tDf^StC. CoRu^"f«l3 2, 3 2' , Co^ 
Mttl3 3, 3 3' , *-#>filW3 4, 3 4' ^ 

[0 0 2 1 ] tfilcH:, T?VdtZ/^jX^m^\ jfXCDE. 
*0.7 Pa, StSS^2 6 0°C. fffl»ig£ff# 5 0 n 

offl^e^ co-40a t%Ru, m&m<DB&i£m^& 

HOlBdcttC o-15at%Cr-5at%T 



0.2 5 1 nm-e&ofco £JK<DlKfffcJ\ CoRu^ 
TttilBtf 5 0nm, C o 1 0 0 n m, 
#>&mmtf 1 0 nrn^L/Co ±EOKJg««±"r^Tra 

[0 0 2 2] ^UfcK^O$£ B B B gE^^X*g[Hl^cJ;o 
T\ ««Wtt*WRfi»S«*ff- (VSM) Srffl^T^ 

a s co^«ttj«<oooo2iHi»fe-^^«»jsti, £ 

tOltf [0 0 0 1] KfpjLTl^dfcaVbfrofco Co 

^4IffiBOX«0 0 0 2 ®»f \Z~^(Ou y*Xfj&m 10 
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SIT, Py + vyfta^S^LT*!), Co 

^«tt«© [oooi] ia^^s^nT^/co 

Stt77f^^{SSS^^3 8% (4 2 00e) |pJ±Lfc 0 
[0 0 2 3] £6tCT±$M(CC o - 5 0 a t%Ru^ 
Co-7 5a t%Ru^?:ffl^/cS^fc, »i 

[0 0 2 4] 

[Si] 

1 



t n 


a tfl<DS3 
( n m) 




»(Oe) 


Co-40a t%R u 


0.2 5 9 


2.8 


1520 


Co-50at%Ru 


0.26 1 


3.1 


14 90 


Co-75a t%Ru 


0.265 


3.1 


14 7 0 


ttb <ft»«) 




8.5 


1100 



[0025] <mmm2> 



1 . 8 -fyfON i P£: 



s«4 i (Drnmc. 

2' , C o R 

, Co^Ittl4 



Ru*^&SS-(OT«l4 2 i 4 
^6ft«ft— <0TSSBt4 3. 4 3' 
4, 4 4' , *-*>gIl4 5, 4 5' #C£>JH#T* 

[0026] riawcfcfc. r;bdr>^rx^fflv\ #xom 

*J0.7 Pa, *ffirUJg2 6 0°C, ^JgfillJgttft 5 0 n 

§^y7h©ffli(iCo-4 0at%Ru, f&ffig<D 
iRScfclfli^S*— h Officii C o - 1 2 a t %C r 
- 1 0 a t %P t tLtco C(DMf£<DC o-&*«ttffll^ 
ai^iiO. 2 5 5 nmTSofco *JMO«JStt. 
RuT«SItf3 0nm, CoRu^T*S^5 0n 
m. C o-&&HBM4JK# lOOnm, sB>«WM3V 1 



[0 0 2 7] f^HLteK»OlSftiEiRi*X|«IsitffK:J:o 

t. mfrnteztmrnmsmtiw (vsm) *ffl^t* 
n^nso^L/co xtt@sf , T»t±, ruTW, coRu 

^T«fiia(/C o^BttlOOO 0 2@8fe— 
KSJSn. [oooi] Ernjt,T^£c£tf*> 

frofco C o^8ttl(OXi0 0 0 2®ffi¥—Z<Du 

m±. coRu^T^*fflt^ic*<n*iD*ftw 

BW>Ltfe^ Co^8ttl(0 [oooi] gHr^i 
Mi^tiT^/co MSSK^riRlOffiHKAtt 1 3% (1 
9 OOe) fp]±Lrc 0 

[0 0 2 8] S&fcRuTttWcfW-T* T i TttM* 

aiM*ift6hfto c neons* 

£S2tc^r 0 
[0 0 2 9] 
K2] 



t » m 


X i P V ^/ 


3i jE 7? ft CD 
O e ) 


C o R u / R u 


2 . 5 


17 0 0 


R u ( ft 1£0| ) 


3 . 6 


15 10 


C o R u / T i 


2 . 7 


16 5 0 


T i ( ft ft 04 ) 


3 . 5 


15 8 0 



[0030] c<D&5%:mm.mmzmmfo*m^T, m 



*]W-S;fc»fc:ESW£l§IB5 5, ffi«R«>|5|K5 6, 



[0 0 3 1] <^mm3> itg 1 . 8 ^>f»f7Xl 

fzo 2S1&4 1 COMMIT. R u*^45S- «DT^4 
2, 4 2' , C o R u£-£fr&&3£|-<DTiti!lM4 3, 

43' . c o^&68ffigi4 4, 4 4' , x-x>®mm 

4 5, 4 5' *C<D\mi¥T'Bf8.-?%o 
[0 0 3 2] l&miaS.. T;l/df>*"X^rffll,\ StSSjg 10 
2 6 0t, ^Mji)S«»5 0 nmtO^T'^fiicLfCo C 

o r u-s&TmmcDBfmcit, r.-o(o^^>m^m^\ 

^"LT|Hl^Cfi)tML/-c < , RuOfiSc^jSS^Jffll-r -5 Ci: 

o-12at%Cr-10at%Ptfc Lfc, CKDffiJjSc 
OCo^^ttMOaWSOS^fiO . 2 5 5 n 
f=o ^mcommii., R u Tifciftf 30nm, CoRuS 
&T*t!llltf 5 0 n m, Co ^SSffiMtf lOOnra, A 20 
1 0 nmtLfc ±M(0mBmtt^<T 

m-<DM^m\*!T»mQttM%> c £ & oi^ lt?to re 
[0033] wmLrcmn^^m^xmmmx', m 
m?ifa<»Mj&<omt**-i?*m?ftm]iK&*). mm. 
ma^mnmrnmrntnY (vsm) ttm^xzn^nm 

5£L/c 0 XMlsrtlTT'lt. RuTW, C o R u^Ti 

m&TJc o^fiattM«ooo2[eifiTtr-^A^sij$n, c 

(Dimtf [0 0 0 1] iBftLTl^3cli:#fc>frc>/c, Co 
-£r&ffi.&m<VXB0 0 0 2ia*fftf-^0Da-y^>^*ft^ 
«:9J^bfc:i:C5, *^)5fSP(7)S3Mfe^»{i> CoR 30 

lESlfigtt iribKUT, □ -y ^ > ^ttS©^fai>g^ 3 5 % 
ig^LTfct), Co^MttlO [0 00 1] &fatf?k 

iititi^;, c o r u^Tmmcommy;\^(Dm^ 

*5t), RuTlIi:©WffiWi4-C i Co-7 2a t%R 
u, C o^KitltCSMfffit'C o-4 6 a t %R 

[0 0 3 4] C©MdC o R u-a-^cOalftCDSS^rM 
fflfc&i:, R uTi&MtcDWffittjfi-eO . 2 6 5 n m. 40 
C o^SttltOSHtifiT'O. 2 6 0 n nrefe^o 

TmmtcoRw&&Tt&m<DftmT—4.o%, co 

R u^Tttfi^i: C o^KttM£0»®-e- 1 . 8 %T* 
l^ffiMii^lnl©^^*. 2 1% (3 1 OOe) [6] 

[00 3 5] <HfiS0>j4> iSS 1 . 8 -I'yfC^Xl 
b/£o StS6 1 (DffimiC, T iTH6 2, 6 2' ,C so 
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o-7 0 a t %R u-a-^TltiM6 3.6 3' , C o-4 
0at%Ru&#T*6 4, 6 4' , C o^Mffi 
6 5. 6 5' . A-t:vffiI16 6, 6 6' £C©JI!fP 

mUA 2 5 0 °C, j£§!jSfif5# 5 0 n nKD&ftT'^L 

tZo 

[0 0 3 6] M&Wk<DBmzm^Z> #-Y>y h 
Co- 1 5 a t %C r - 5 a t %Tat Lk 0 CcOffl^CD 
C o-&&M'&mcOa1i$i<Dm2lt0 . 2 5 1 n mT'feo 
fc» ^McDfliP(i> T i Ttflllltf 30nm, Co-70 
a t % R u £-&~Fitt!M# 25nm, Co-40at%R 
u^#T«i!Mtf 2 5 n m. C o^£lKffiltf 1 0 0 n 

m, x-x^ummtf 1 0 nmi: Ltc 0 ±.m<omBmt 
[0037] ttmLfcMnv>i&B,&fa]txm®ffiT\ m 

5tL/co XffiUB\ffi-U&. T i TttI, CoRu^TK!! 
MRUC o-&&W.te.m<D0 0 0 2 (eltff e-^*^PJ$ 
ctomtfi [0001] IHiajLTi^-Scirrf^bfro 

[0038] c o-et&m&mcoxmo o o 2mm^— t? 

mmmt* c o r u^Tmm^m^in,c±< mmcogk 

(omamft 2 7 %m.'Pi>tis 0 , c o ^ssi4M<o [ 0 
001] BEfotfefcg^nTt^fco cco^-a-tofe^cDSx 

7-r-yh»{i, TiTlKCo-70at%Ru^ 
"FttilM^^cST- 1 0 %, C o-7 0 a t %R u-a-^T 
i!tCo-40a t % R u ^TitiUKOJ-ilffiT*- 2 . 
2 %, Co-4 0a t%Ru^THtCo^M 

mLtcmmmmwttmLT 8% (nooe) ipj± 
[0039] cevmmmmmmtezm^r, msim 

fix-re 

[0 0 4 0] 

i^mmmi *mm& vie coRu &&%T®m 

mm®-fc*mm? & c t tfvz s„ 
[0 1 ] *&W(Dm~<ommm<DmmMmmmfo<Dm 
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10 



im 5 ] *mw<D®.mmmw<o7n •> *0 O 

[06] *%B^cD^HOHSgCTc0^ifi^fE^!ii*<Oif 

B*§j£<9ltfBJ30o 

[ft^l&EE] 

1 1 -iflttifi^ 12-CoRu^T« 13- 
C o^SBttM, 1 4-ffiiI 0 





[03] 
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